Introduction
Aortic valve sclerosis (AVS) is defined as increased thickness and progressive calcification of aortic valves that causes no obstruction to ventricular output (antegrade velocity across the valve of less than 2.5 m/s) (1) . Histopathological studies demonstrated that causes of AVS are the accumulation of atherogenic lipoproteins, inflammatory cell infiltration, and microscopic calcification in the extracellular matrix (2) (3) (4) . An independent relation was revealed between atherosclerosis risk factors and clinical cardiovascular disease and AVS. This relation implies that AVS and coronary artery disease (CAD) may have a similar mechanism of formation (5) .
The Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery (SYNTAX) score (SS) is an angiographic method for grading the complexity and intensity of CAD and provides more comprehensive evaluation of properties of the coronary lesion (6) (7) (8) . Some previous studies showed that a significant correlation between the SS and AVS was revealed in patients with acute coronary syndrome (9) . In our study, we investigated the correlation between the SS and AVS by including both ACS and stable CAD cases.
Materials and methods
We enrolled 543 patients with CAD (stable CAD and acute coronary syndrome without ST segment elevation) who underwent coronary angiography in this cross-sectional study between September 2013 and September 2014. The institutional ethics committee approved the study. Patients with persistent ST segment elevation (n = 370), history of percutaneous coronary intervention (n = 190) or coronary artery bypass grafting (n = 77), rheumatic heart valve disease (n = 23), bicuspid aortic valve (n = 14), aortic valvular velocity above 2 m/s or mild to severe aortic stenosis (n = 14), and SS equal to 0 (n = 103) were excluded from the study.
Data collection and clinical definitions
On admission, baseline clinical characteristics of all patients such as age, sex, body surface area (BSA), body mass index (BMI), hypertension (HT), diabetes mellitus (DM), chronic obstructive pulmonary disease (COPD), chronic renal disease (CRD), glomerular filtration rate (GFR), acute coronary syndrome (ACS), smoking, and previous medications were recorded.
BSA (m 2 ) was calculated according to the Mosteller formula (height (cm) × weight (kg)/3600) ½) and BMI was calculated as weight (kg)/(height (m)2 ). Hypertension was defined as having at least 2 blood pressure measurements >140/90 mmHg or using antihypertensive drugs. DM was defined as having at least 2 fasting blood sugar measurements >126 mg/dL or using antidiabetic drugs. COPD was defined according to GOLD criteria (FEV1/FVC <0.70). CRD was defined as GFR of <60 mL/min per 1.73 m 2 . GFR was calculated by the Cockcroft-Gault formula ((140 -age) × (weight (kg))/ (72 × creatinine)). ACS was defined according to current guidelines (10, 11) . During admission to the hospital, blood samples for complete blood count, low-density lipoprotein (LDL)-and high-density lipoprotein (HDL)-cholesterol, triglyceride, and creatinine were obtained from all patients.
SYNTAX score
The SS is used to evaluate the complexity of CAD. Coronary arteries larger than 1.5 mm in diameter and with stenosis of ≥50% were included for evaluation. The online latest updated version (2.11) was used to calculate the SS (www.SYNTAXscore.com, accessed in October 2014). SSs were divided into 2 groups (low SYNTAX: <22, high SYN-TAX: ≥22). All angiographic variables were computed by 2 cardiologists who were unaware of the study data (ST, UA). In the case of disagreement the final decision was made by consensus.
Aortic valve sclerosis
Aortic valves were evaluated from parasternal short axis images. AVS was defined by focal areas of increased echogenicity and thickening of the aortic-valve leaflets without restriction of leaflet motion (aortic velocity <2 m/s).
Statistical analysis
Continuous variables were expressed as mean ± standard deviation or median (interquartile range) and categorical variables were expressed as percentages. The distribution of continuous variables was assessed by KolmogorovSmirnov test. Continuous variables between two groups were compared with the Student t-test or Mann-Whitney U test as appropriate. Categorical variables were compared with the chi-square test. To determine independent predictors of high SSs in the overall population and in the subgroups, multivariate regression analysis was performed. Variables found to be significant (P < 0.05) in univariate analysis were included in multivariate logistic regression analysis. Sensitivity, specificity, negative predictive value (NPV), and positive predictive value (PPV) for AVS in the prediction of high SSs were estimated in 2 × 2 tables. A 2-sided P-value of <0.05 was considered significant. Data were analyzed using SPSS 20.0 (IBM, Armonk, NY, USA).
Results
Our study includes 543 patients with CAD (median age 62 (52-72) years and 75.7% male). The study population was divided into two groups based on SS values above and below 22. DM incidence was greater in the high SS group (26.3% vs. 19.2%, P = 0.052.). Left ventricular ejection fraction (LVEF) and GFR were lower. LDL-cholesterol and triglyceride levels were lower while platelet counts were higher. Other basal clinical, angiographic, and laboratory characteristics are summarized in Tables 1 and 2 .
The overall AVS rate was revealed as 21.2% (n = 115) including all groups. The high SS group had significantly higher AVS positivity compared to the low SS group (31.3% vs. 10.6%, P < 0.001 and OR = 3.8, 95% CI: 2.4-6.1) ( Tables  1 and 2 ; Figure) . The LVEF, AVS, GFR, platelet count, TG and LDL levels, and DM existence were significant variables in univariate analysis. Multiple regression analysis were performed with these variables in order to detect the independent predictors of high SS. LVEF, AVS, GFR, platelet count, and LDL levels were evaluated as independent predictors of high SS (Table 3) . While there were 28 AVSpositive and 237 AVS-negative cases in the low SS group, there were 87 AVS-positive and 191 AVS-negative cases in the high SS group (Table 4 ). The sensitivity of AVS positivity to predict high SS was 31%, with a specificity of 89%. PPV and NPV were detected as 75% and 55%, respectively.
In the analysis between AVS and SS parameters, a significant relationship was observed between AVS and bifurcation lesions, ostial lesions, long lesions, and total lesion count (Table 5) . In univariate analysis, by dividing patients into two subgroups as the study population with ACS (n = 105) vs. stable CAD (n = 438), DM, LDL and TG levels, AVS existence, platelet count, LVEF value, and COPD existence were found to be significantly related for the stable CAD group, whereas AVS existence, platelet count, LVEF levels, GFR level, and WBC count were found significant for the ACS group. In multivariate analysis, for the stable CAD group, AVS existence, platelet count, LVEF value, and COPD were found as independent predictors, whereas in the ACS group, platelet counts and LVEF values were found as independent predictors (Table 6) .
AVS was evaluated with echocardiography by two independent cardiologists unaware of the patient informa- tion (İHT, SS). For interobserver agreement, 30 patients were chosen randomly. There was perfect agreement between the two observers (kappa value = 0.842).
Discussion
In this study, we demonstrated that AVS existence is an important independent predictor to demonstrate the com- plexity of CAD. We also showed that AVS has significant correlation with SYNTAX parameters like bifurcation lesions, ostial lesions, long lesions, and total lesion count. We showed that the role of AVS to show the complexity of CAD is especially valid for stable CAD, but no significant correlation was seen in the case of ACS with AVS and complexity. AVS is characterized by lipid deposition and calcific infiltration on the edge of aortic leaflets without significant restriction of motion. AVS incidence has increased with the aging population and common echocardiography use (1,2,4) . However, recent studies showed that AVS is not only important because of aging; it may also advance aortic stenosis and may be related to CAD. Studies have demonstrated that the risk factors for CAD formation and progression may also be the risk factors for AVS development and progression to AD (2, 4, 5, 7, 12) . We have shown that CAD existence and severity and AVS are related to each other. The mechanisms suggested for the similarity between AVS and atherosclerosis are as follows: 1) AVS has risk factors for atherosclerosis, 2) AVS and atherosclerosis have similar histopathological characteristics, and 3) it was shown that AVS and CAD are related to systemic atherosclerosis, just like the relation of carotid artery disease and peripheral arterial disease with systemic atherosclerosis (2,7,12-15). The SS is an important method for the evaluation of both the complexity of CAD and determining the treatment protocol (6, 8) . Many studies showed that there is an important relation between the SS and undesired cardiac outcomes (8, 16, 17) . To date, there are a few studies investigating the relation between the SS and AVS (2, 9, 15, 18) . In these studies, ACS cases were included and the relation of the SS with AVS was investigated. We included both AVS and stable CAD, we investigated the relation between AVS and the SS, and we found that AVS is an independent predictor to determine a high SS. In subgroup analysis according to ACS and CAD, we demonstrated that AVS existence predicts a high SS in stable CAD, but not in ACS. However, Korkmaz et al. (9, 19) found an important relation between AVS and the SS while including only ACS cases. There are differences between the two studies, like some clinical risk factors and patient numbers. There are also differences for categorical SS values of the two studies. All these factors may describe the discordance of the results of the two studies (9, 19) . However, we suggest that, despite the SAP group, AVS was not found predictive because those patients in the ACS group were younger and had fewer atherosclerotic risk factors when compared to stable CAD patients. Previously defined and well-known traditional atherosclerotic risk factors such as advanced age, male sex, HT, DM, and smoking are related to stable CAD rather than ACS, and these risk factors have strong correlations with AVS. In previous studies, it has been demonstrated that AVS and the SS may be related to cardiac mortality and morbidity (2, 6, 8, 9, 16, 18, 19) . We also found a strong relation between AVS and the SS and this result supports that AVS is related to the prevalence of CAD and undesired cardiovascular events.
Our study may have clinically important implications. This study initially provides information about the complexity of CAD with AVS in stable CAD cases. However, our study suggests that AVS does not give enough information about the complexity of CAD in ACS cases. For interventional practice, AVS may be related to detection of some complex conditions like chronic total occlusion, bifurcation lesions, and long lesions. Our study has several limitations. Our study was designed as a cross-sectional study, and the number of patients with ACS was relatively low. The absence of an objective echocardiographic method for evaluation of AVS is an important limitation, although there was good inter-and intraobserver agreement. A similar limitation is also present for the SS.
In conclusion, our study results demonstrated that AVS is significantly associated with the complexity of CAD, especially in patients with stable CAD. Moreover, the presence of AVS is correlated with complex lesions such as chronic total occlusion, bifurcation lesions, and long lesions. This study provides new information regarding the role of AVS in CAD complexity.
